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ABSTRACT
Two rare plant species o f the Mojave Desert were investigated in this 
study. Life history and reproductive data as well as vegetative associates and soil 
characteristics for Arctomecon californica Torr. and Frem. and Arctomecon 
merriamii Cov. were collected. Results for the life history and reproductive data 
show that the highest mortality in both species occurs at the seedling stage. Loss 
o f potential seed, for both species, was highest at the bud and capsule stage. 
Arctomecon californica  was found to be reproductively self-incompatible, while 
A. merriamii was able to self-pollinate. Results from the vegetative and soil data 
show that the vegetation where both species were present was very different from 
sites where Arctomecon  did not occur, and that the vegetative associates were not 
the same as the surrounding Mojave Desert vegetation. Soil results show 
differences in many components, most notably sulfur and calcium content. Due 
to habitat specificity, especially for Arctomecon californica, intact gypsum 
outcrops must be preserved in order to preserve the species.
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Chapter 1: Introduction 
Biogeography of the genus Arctomecon
Gypsiferous soils are common in arid and semi-arid regions o f the world 
(Parsons 1976). The presence o f endemic species on these soils has only recently 
been noted (Turner and Powell 1979), although it has been acknowledged that the 
flora o f  gypsum soils often differs from that o f  soils deficient in gypsum (Dregne 
1979). Gypsum (C aS 04-2H ,0 ) outcrops occur in a wide variety o f  climates, but 
is quickly leached away in wetter climates, leaving solid deposits only in arid and 
semi-arid regions (Parsons 1976). The various theories on the formation o f 
gypsum surfaces have been reviewed by Watson (1979).
Endemic species on gypsum occur throughout the world (Parsons 1976), 
with research in the United States showing that the oldest exposed soils possess 
more endemics than soils exposed for a shorter length o f  time (Turner and Powell 
1979). A wide variety o f  plant families are represented on gypsiferous soil, and 
these vary depending on the location o f the deposit. For example, Liliaceae are 
present on gypsum soils in Wyoming and Montana, but not in Mexico, New 
Mexico, or Colorado. It has been found that there are likely to be fewer species 
present on gypsiferous soils, and the plants that do occur tend to be herbs or small 
shrubs (Parsons 1976).
The reason for endemism on gypsum is not understood. It has been
proposed that the high sulfur content o f  gypsum soils may control the distribution
o f  plants (Parsons 1976) and contribute to the evolution o f endemism, but this has
1.
2-
recently been contested. Meyer (1986) proposed that the surface crust 
characteristics o f gypsum soil prevents establishment o f many species because the 
indurated and often cryptogam-covered surface o f the soil makes seedling 
establishment difficult. The chemical composition o f the soil was found to be 
relatively unimportant in her study, which concerned the gypsum areas in the 
Mojave Desert (Meyer 1986). A potential benefit to species growing on gypsum 
soils could be a lowered water stress in summer, because gypsum soils maintain a 
higher level o f  moisture near the surface due to movement o f stored water from 
deeper in the soil (Meyer et al. 1992).
Gypsum outcrops are present in abundance around Las Vegas, Nevada.
The gypsum soils are formed directly over deposits o f gypsum from late 
Paleozoic to late Tertiary age (Longwell et al. 1965). Many o f these outcrops are 
known to have endemic species upon them.
One o f  these endemic species is Arctomecon californica Torr. and Frem. 
(Papaveraceae), the golden bear-claw poppy, which occurs exclusively on 
gypsiferous soils, and whose genus name comes from Arctos, a bear, and mecon, 
a poppy (Mozingo and W illiams 1980). This species is found in northern Arizona 
from Temple Bar (near Lake M ead) to the Grand Canyon (Phillips and Phillips 
1988), and also in southern Nevada. The Nevada distribution ranges from limited 
sites in the Las Vegas Valley proper, north to Apex, and east approximately 300 
kilometers to areas near Gold Butte. This species was first described by John C. 
Fremont in 1887, and, since settlement o f  the Las Vegas Valley, has been watched
3with concern as its habitat has steadily declined (Janish 1977). It is currently 
listed by the State o f  Nevada as Critically Endangered, and by the Federal 
government as a Category 2 species, which means that more research is needed 
before a determination o f  Threatened/Endangered status can be made (Morefield 
and Knight 1992).
Another species o f Arctomecon, A. merriamii Cov., the great poppy or 
white bear-claw poppy, occurs on gypsiferous soil in areas to the west o f A. 
californica and also on limestone-derived soils (Mozingo and Williams 1980).
An isolated population was found in North Las Vegas, with the apparent range of 
the plant extending north into the Nevada Test Site (Beatley 1977) and east into 
the Delamar Mountains. It also extends west into California, occurring in Death 
Valley National M onument and its surrounding mountains (Janish 1977). This 
poppy was described by Coville (1892), with the first specimen collected by 
Merriam and Bailey in 1891. It is also listed by the Federal government as a 
Category 2 species (M orefield and Knight 1992).
A third species o f  Arctomecon , A. humilis Cov., the dw arf bear-claw 
poppy, is located only in Washington County, Utah, where it also occurs on 
gypsum soils. This species is listed federally as an Endangered species, and its 
habitat is in danger o f  destruction by the growth o f the town o f St. George as well 
as by off-road vehicle (ORV) use (Nelson and Harper 1991).
Both A. californica  and A. merriamii are very similar in growth form. 
Their long, hirsute leaves are toothed at the apex and form basal rosettes from
which the flower stems arise. As the plant grows older, the number o f rosettes 
increases and often the center leaves begin to die, creating a pattern o f  live and 
dead rosettes. A. californica  produces a single flowering stem per rosette, with 
multiple yellow flowers borne by the stem, whereas A. merriamii has multiple 
flowering stems arising from a single rosette, but with one white flower per stem. 
Plants o f both species flower from March to June, with seed dispersal occurring 
from mid-May to late June. Seedlings are mostly found in the spring, and do not 
flower their first year. When seen without flower stems, the two species are 
virtually identical. Their mostly non-overlapping distribution makes their 
identification easier, although there may be some overlap in the Las Vegas 
Valley.
There has been some research done on all three species o f Arctomecon. 
Stermitz and M uralidharan (1967), working on the chemical composition o f the 
family Papaveraceae, published results from an investigation o f A. californica, 
which was the only Arctomecon  species found. They found that two chemicals, 
protopine and allocryptopine, made up 95% o f the alkaloid content o f the plant. 
Recent studies have investigated the three species in greater detail and have found 
each species to be alkaloid-rich (Raynie et al. 1991). It has also been found that 
all three species possess unique alkaloids not present in any other species o f 
Papaveraceae (Raynie et al. 1990).
The life history o f A. humilis, the dw arf bear-claw poppy, has been 
investigated by Nelson and Harper (1991). Listed as Endangered in 1979, a 1986
5management plan specified the need for an in-depth study o f  the plant (U.S.D.I. 
Bureau o f  Land M anagement 1986), as well as for the closure o f  areas to ORV 
use. Nelson and Harper (1991) found that road closures were not effective in 
changing the pattern o f  land use. They discussed the effects o f  ORV use, which 
included erosion o f  the soil around the plants, destroying the habitat o f  the plant 
as well as the seed bank upon which the species relies for continued survival. 
They emphasized that the survival o f  the species depends on the protection o f the 
habitat. In a study on the demographics o f the population, Nelson (unpublished 
M asters thesis) found that the mortality o f seedlings was approximately 50%, and 
that the number o f  plants that could be expected to survive to reproduce was only 
35%, with only 10% surviving to flower a second time. Nelson discovered that 
individuals which flower a second tim e produce 51% less flowers, contributing 
substantially less to the future seed bank. Nelson also found that there is a sizable 
reservoir o f  seed in the seed bank, w ith greater than 2000 seeds in a 60 cm radius 
o f  an adult plant (Nelson in preparation). These results show that the plant relies 
a great deal on its seed bank to contribute to survival o f  the species, with low 
numbers o f  seedlings surviving to flower and contribute to the seed bank.
Detailed demographic studies similar to Nelson's have not been done for 
the other two species o f  Arctomecon. A seven-year study by Meyer (in 
preparation) on A. californica did not concentrate specifically on the reproductive 
effort o f  individual plants. M eyer worked with five different populations o f the 
yellow bear-claw poppy and found that trends in survival and reproductive
success differed at each location. She concluded that the existence o f  a 
permanent seed bank was critical to success o f  this species given the fluctuations 
in population size and reproductive success.
Conservation of rare and endangered species
The Endangered Species Act (ESA) o f 1973, with subsequent revisions in 
1988, was an important piece o f legislation. By authorizing the protection of 
species and their habitat, the Act set the stage for a great deal o f  research. After 
the ESA was passed and the law was handed down to the various governmental 
agencies, it was found that there was little understanding o f the habitat 
requirements and life histories o f  many o f  the species that were considered rare 
(Elias 1977). Conservation efforts for animals originally far outweighed those for 
plants, partially due to a lesser awareness o f  plants (Frankel and Soule 1981).
One o f  the first studies on a rare plant species noted the lack o f information in the 
literature (M eagher et al. 1978), and comments are still made that as a group the 
rare plant species are underrepresented (Falk 1990). However, by 1984 the 
number o f  monitoring studies on plants had more than doubled the number 
present in 1981, with recovery plans for federally listed threatened and 
endangered species also increasing rapidly (Palm er 1987). Monitoring programs 
are now in place in both federal and state agencies, as well as private businesses 
(Palm er 1986).
Conservation o f  rare organisms is the idea behind the Endangered Species 
Act, yet there are many definitions o f the word "rare". Rabinowitz (1986) 
discussed seven forms o f  rarity and gave an example o f  the abundance o f each 
type in the flora o f  the British Isles. Plants may be rare in many ways. These are 
related to geographic distribution (the species is either widespread or endemic to 
a certain area), local population size (the species either has large numbers where 
it occurs, or it has low numbers), and habitat specificity (the species occurs on a 
wide range o f  sites, or occurs specifically in only one or a few habitats). The 
interaction o f these three traits gives the seven forms o f  rarity (Rabinowitz 1986). 
For example, a widely distributed habitat generalist with large numbers 
everywhere it occurs is not rare at all, the only one o f the seven cases which does 
not have a form o f  rarity ascribed to it. On the other end o f  the spectrum, a 
narrowly distributed plant with specific habitat requirements and low population 
numbers everywhere it occurs is the rare species commonly thought of. The other 
five forms o f  rarity involve other combinations o f  the three traits, and Rabinowitz 
(1986) gives examples o f  each type.
One facet o f  rarity not discussed by Rabinowitz (1986) is the temporal 
aspect. A species may be rare at one point in time, but in a number of years may 
extend its range and become common. Harper (1981) discussed examples o f  both 
types o f species: rare to common, and common to rare. The temporal aspect is an 
important part o f  rarity and is explored further by Fiedler and Ahouse (1993), who 
modified Rabinowitz's seven forms o f rarity to include the consequences o f time.
Fiedler and Ahouse defined four types o f rarity based on temporal persistence 
(short or long) and spatial distribution (narrow or wide).
One indicator o f  rare organisms, especially plants, is endemism. Mason 
(1946) discussed three important factors contributing to endemism: 1) the 
physiological reactions o f  the plant, for example, the tolerance o f salt in the soil; 
2) genetic processes, which were not well-explored at that time; and 3) the 
environment, stressing its importance in affecting endemism over that o f the other 
two. Another important article that explored endemism was that o f Stebbins 
(1979), who discussed the ideas o f  old species as opposed to new species as 
endemics (paleoendemics vs neoendemics). He later elaborated on these ideas, 
citing examples o f  neoendemics, newly arisen species that have not yet expanded 
their range, and paleoendemics, considered to be relictual species that are 
decreasing in range (Stebbins 1980). Another important theory that he discussed 
is that o f genetic diversity in endemics. It had long been considered by scientists 
that endemics would have low genetic diversity due to low gene flow and small 
population sizes (Stebbins 1942). However, research has shown that many 
isolated endemic species have comparable genetic diversity to widespread 
congeners (Drury 1980; Karron 1987). A third explanation o f  endemism is given 
by ecological factors. Stebbins (1980) cited the example o f rare plants as 
pioneers in temporary habitats, for example Pedicularis furbishiae  S. Wats. 
(Furbish's lousewort) which occurs on the steep banks o f  the St. John River in 
Maine, in areas prone to ice scouring and bank sloughing. Given that these ideas
o f endemism -- including age o f species, genetic diversity, and ecological factors 
-  did not seem to completely explain endemism, Stebbins suggested that a 
synthetic view be used which would incorporate all o f  the above theories in order 
to satisfactorily explain endemism.
Although endemics are often considered rare, this is not necessarily the 
case. For example, Pseudotsuga menziesii (Mirbel) Franco (Douglas-fir) is an 
endemic to the American continent but could hardly be considered rare. 
Kruckeberg and Rabinowitz (1985), in a review o f endemism, discuss this point 
as well as geographic and genetic theories o f endemism. They also addressed the 
problem o f  taxonomic bias, which often causes organisms that are rare to be 
missed, as they are blanketed under a comm on species' name. Another point 
emphasized in the review is that edaphic factors -  chemical and physical 
properties o f  the soil -  are often important causes o f  endemism. This is also 
shown in the vegetation o f  the Colorado Plateau, where aberrant outcroppings o f 
soil such as shales and mudstones are prime habitats for endemics (Welsh 1978). 
However, one o f the recent studies on endemism in plant communities o f the 
eastern United States found that plants endemic to certain rock outcrops were 
restricted to the location due to light competition from other shrubs, not to 
edaphic requirements o f the plants, as had previously been thought (Baskin and 
Baskin 1988).
One o f the considerations o f  population biology that was quickly utilized 
for the conservation o f rare organisms was that o f extinction. If a species is to
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persist in its environment, understanding the potential causes o f  its extinction are 
vital in order to prevent such an event. A large number o f species that have gone 
extinct in historical tim e have done so because o f humans (Frankel and Soule 
1981). This makes understanding the process o f  extinction critical for the 
preservation o f a species. Terborgh and W inter (1980) compiled lists o f past and 
present bird faunas o f  islands and found that the larger the area o f the island the 
smaller the percentage o f  the birds that became extinct. This result, that 
extinction is inversely area-dependent, agreed with that o f  previous studies.
A more comprehensive consideration o f  extinction was dealt with by 
Diamond (1984), who surveyed numerous avian, mammalian, and reptilian 
studies on islands or island-like habitats (i.e., forest fragments). This was an 
attempt to understand the rate and causes o f "normal" extinctions, extinctions that 
do not destroy large numbers o f species at one time. This was done in order to 
have a standard with which to compare dramatic extinctions. From these studies 
Diamond (1984) found that the risk o f  extinction increases as the area 
available to the population decreases, which agreed with previous results. He 
also found that the longer the lifespan o f  an organism, the less likely that 
organism will succumb to extinction, and also that the larger the population size, 
the less likely the population will go extinct.
A study on beetles, which tracked the survival o f  multiple populations 
over a period o f  19 years, found that small populations that synchronously 
fluctuated were more likely to go completely extinct than those that fluctuated out
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o f  sync with each other, due to dispersal and recolonization by successful 
populations (den Boer 1981). This is important because many rare organisms 
exist in isolated patches and may or may not have the ability to recolonize the 
population through dispersal.
Species monitoring and methods of preservation
The minimum viable population size concept was introduced after 
concerns for the maintenance o f viable population sizes o f rare organisms was 
voiced by managers responsible for those organisms. This concept recognizes 
four general sources o f uncertainty that populations o f rare organisms must 
survive: 1) demographic stochasticity, where the population size fluctuates and 
the number o f reproductive individuals increases or decreases drastically; 2) 
environmental stochasticity, in which the number o f pests, parasites, and 
predators fluctuates; 3) natural catastrophes, such as floods and droughts; and 4) 
genetic stochasticity, where events such as bottlenecks and founder effects can 
drastically reduce the genetic variability o f a population (Shaffer 1981). The 
minimum viable population (MVP) size o f the population in question is defined 
as the number o f  individuals that can withstand the above-mentioned effects for a 
given number o f  years (100, 1000, etc., depending on management goals) (Gilpin 
and Soule 1986). Each MVP is a species-specific projection o f survival, and is 
based on a complex interaction o f  the four parameters listed above. Original 
estimates o f  the numbers o f individuals needed to ensure survival for large
mammals, considering only inbreeding depression, were estimated at a minimum 
o f  50 individuals (Franklin 1980). It is now estimated that viable populations o f 
plants, in order to survive the stochastic processes listed above, need to be on the 
order o f 103-106 individuals (Menges 1991).
One way to get an estimate o f the MVP o f  a species is to use population 
viability analysis (PVA) (Gilpin and Soule 1986). This is a relatively new method 
o f  analysis, and few studies have been published using it. Murphy et al. (1990) 
used PVA to analyze the stability o f the threatened Bay checkerspot butterfly 
(Euphydras editha bayensis), using data collected in previous studies to do a 
preliminary analysis. This study found that environmental stochasticity was the 
most important param eter for the continued existence o f the butterfly, and 
emphasized the need to divide species into two groups for viability analysis. The 
first o f  the groups would be long-lived, large vertebrates with low rates o f 
population increase and low death rates, and the second would be organisms with 
small body size, high rates o f  population increase and short generation times.
PVA for the second group, which includes many invertebrates, small vertebrates 
and plants, needs to focus on environmental factors and metapopulation 
characteristics.
The first endangered plant to test PVA was the well-studied Furbish's 
lousewort, Pedicularis furbishiae. This plant occurs only along the St. John River 
in northern Maine, and has been the subject o f research since 1978, after being 
listed as Federally endangered (Menges 1990). Analysis o f  this plant led to the
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conclusion that the entire ecosystem needs to be preserved, as localized extinction 
rates are quite high and recolonization along the river is imperative to allow 
continued existence o f the plant (Menges and Gawler 1986; Menges 1990).
An important point about the use o f M W  is that a thorough knowledge is 
needed o f the biology o f  the species in question before a viability analysis can be 
done. This involves many years o f  data collection. Although M W  is useful as a 
management tool, it cannot be used until the ground work has been done.
Rare plant monitoring provides useful data for researchers and managers 
alike. Data on life history parameters is necessary in order to manage species 
efficiently (Harper 1979; Lesica 1987; Owen and Rosentreter 1992), and can also 
answer ecological and evolutionary questions (M eagher et al. 1978). Studies on 
species such as Isotria medeoloides (Pursh) Raf., an endangered orchid, has 
shown the importance o f  working with multiple populations in various stages o f 
growth and senescence (M ehrhoff 1989). Difficulties in studying plants are 
emphasized in studies on clonal species. In a study on Filipendula rubra (Hill) 
Robins., a rare perennial o f the northcentral United States, it was found that a 
large number (84%) o f  the plants in a population were clones and therefore the 
low amount o f seed set was due to self-incompatibility (Aspinwall and Christian
1992). Without this knowledge, management efforts would be futile.
Generalizations are sometimes made when dealing with rare plants, and 
research has shown that no assumptions should be made. For example, a study on 
three rare lilies (Calochortus spp.) and one common one in California found that
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although many characteristics did not differ between the rare and the common 
lilies, some reproductive characteristics did, between both the rare and the 
common plants and within the three species o f rare lilies (Fiedler 1987). 
Differences between rare species and closely related common ones are not always 
the case, however, as shown in a study on Solidago shortii T. & G., a rare 
composite o f Kentucky. Research done on the breeding system and pollinators 
found no differences between 5. shortii and congeners (Buchele et al. 1992).
One o f the major problems facing conservationists today is the rapid 
disappearance o f land upon which many organisms depend for their survival. An 
excellent example o f  this is shown by the critically endangered Bakersfield 
saltbush, Atriplex tularensis Cov. This annual plant occurs only in the southern 
San Joaquin Valley, and its numbers have been drastically reduced in recent years 
by development o f  land for agricultural purposes. Studies on this plant have 
found that the seed bank for the species is nearly exhausted, and that the plant 
may be interbreeding with a closely related species, A. serenana A. Nels.
However, it is difficult to determine if  A. tularensis is genetically distinct from A. 
serenana  since the population size is so low that techniques such as 
electrophoresis are not used (Freas and Murphy 1988). This is a difficulty with 
the Endangered Species Act -- often the species is not listed until the numbers are 
so low that it is difficult to preserve the organism (Ehrlich 1988; Wilcove et al.
1993).
The importance o f saving habitat has been recognized by many 
individuals, for many different reasons. Knowledge o f most rare plants is lacking, 
and knowledge o f  whether the organisms are self-compatible is often cited as a 
reason to preserve land (Holmgren 1979). The more habitat that is preserved, the 
greater the number o f individuals and the greater the chance they will outcross. 
Another concern is that o f pollinators. Any management techniques that involve 
insecticides should be carefully planned, as the pollinators o f most rare plants are 
unknown (Harper 1979). Goodman (1987), in a discussion o f minimum viable 
population sizes, concluded that in order to m aintain a species the minimum 
necessary reserve size is extremely large.
In lieu o f preserving large areas o f  habitat, some groups are substituting 
other methods o f  preservation. The collection o f  seed from rare plants, ex situ 
germination and growth, and transplantation back into the native habitat is 
advocated and practiced by some groups (Guerrant 1993). Concerns o f initial 
population size o f  the plants, successful germination o f the seed, and damage to 
original habitat are problems that have been discussed. Others have voiced their 
concern with the use o f transplantation o f rare species away from threatened 
habitat. Studies are cited showing that the success rate is low and genotypic 
diversity cannot be maintained, but concern for the preservation o f  original 
habitat is relaxed if  individuals believe that transplantation is enough to maintain 
the species (Fahselt 1988). Another idea is that o f  dispersing the species 
artificially. Primack and Miao (1992) recently showed that dispersal is a nearly
insurmountable barrier for enlargement o f the distribution o f  plant species. They 
suggested that in light o f  human-caused changes in the environment small plant 
populations should be enlarged by artificial establishment o f populations by 
dispersal o f  seed. One problem addressed by Primack and Miao (1992) is that o f 
soil incompatibility -  soil that seems similar to that upon which the plant grows, 
but for unknown reasons will not support growth and establishment o f the 
species. Another problem addressed involves the ecological and evolutionary 
questions o f  artificially enlarging a species' range. Effects on other rare plants in 
the designated establishment area would need to be carefully considered.
Research Objectives for Arctomecon
Research was conducted on both Arctomecon californica  and A. m ernam u  
for over one year. Survival o f  individuals from seedling to adult was investigated, 
using a size-based classification instead o f  an age-based one due to the variation 
in the length o f  the juvenile period in perennials (Harper and White 1974). 
Size-based classifications have also been found to be better predictors o f plant 
fate than is plant age (W erner 1975), and are often used in management (Owen 
and Rosentreter 1992). Many o f the individuals on the study plots were seedlings, 
which can be very informative. The seedling stage has been found to be critical in 
the structure and change o f  populations (Palm er 1987), and is often the most 
vulnerable phase in the growth o f the individual (Cook 1979).
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The seed bank was also studied to determine whether there were a large 
number o f  seeds present, which would help insure the survival o f the species.
The seed bank has been found to be important in the continuation o f  a population 
without immigration (Baskin and Baskin 1978), and it can also have profound 
effects on the genetic diversity o f a population (Loveless and Hamrick 1984).
The reproductive potential o f the poppies was investigated by noting the 
number o f buds, flowers, capsules and seeds produced. This can be helpful in 
discovering a possible reason for a plant's decline, as has been shown for 
Pedicular is furbishiae  (Menges et al. 1986), or as a reason for low reproductive 
output, as shown for Larrea tridentata (DC) Cov. (Boyd and Brum 1983).
Another aspect o f reproductive effort explored was the presence o f  pollinators. 
Many plant-pollinator relationships are highly specific, and loss o f  pollinators can 
have important effects on plant survival (Menges 1991).
The breeding system o f  the two species was also investigated. Both tend 
to occur in patches that are highly isolated from other populations o f  the same 
species, although this trend is more pronounced in A. merriamii than A. 
californica. Species that occur in such isolated populations are often thought to 
be inbreeders (Levin 1979), although Papaveraceae, as a group, is 
characteristically strongly self-incompatible (Jain 1976). This is complicated by 
the point that self-incompatibility is not absolute and can vary from 100% to 
nearly 0% (Faegri and van der Pijl 1979).
Since both species are known to occur on gypsum soils, as well as 
limestone in the case o f  Arctomecon merriamii, the soil chemistry was analyzed 
in order to determine if  the soil where the species occur was gypsiferous or 
differed in other elements from areas where the species do not occur. This could 
help determine the habitat requirements o f the two species, which could then be 
compared to A. humilis (Nelson and Harper 1991) in order to obtain an overall 
picture o f the genus. Analysis o f the associated vegetation was also completed in 
order to determine if  the plant composition where the species o f poppy occurs is 
different from areas where the plant does not occur. This has been shown to be 
the case for gypsum soils in M exico (Meyer et al. 1992) as well as for sites in the 
Mojave Desert (Meyer 1986). It has also been noted that the number o f species 
present is lower on gypsum soils (Parsons 1976).
Information on the life histories and soil requirements o f  these two species 
can be used in order to  manage for the survival o f these organisms. This data can 
be used in comparison to the results for A. humilis (Nelson and Harper 199!) to 
get a more complete picture o f  the genus. If data were collected for an additional 
one to  two seasons, a Population Viability Analysis could be done on these 
species in order to determine the greatest threat to their survival.
Chapter 2: Ecology of Arctomecon spp. I: Life History and Reproductive 
Biology of Arctomecon californica and A. merriamii.
Abstract
Life history and reproductive data were collected for two species o f the 
rare genus Arctomecon  in southern Nevada, A. californica and A. merriamii, in 
order to preserve and manage their remaining populations. Results show that 
highest mortality occurs during the seedling stage in both species. Loss o f 
reproductive potential was highest for both species at the bud and capsule stages. 
A. californica was found to be reproductively self-incompatible, while A. 
merriamii was able to self-pollinate as well as outcross. Seed dispersal differed 
between the two species; A. californica  showed greater dispersal away from the 
parent plant, while A. merriamii retained most o f  the seed underneath the parent 
plant.
Introduction
Due to human perturbations, many species o f  organisms have become 
threatened with extinction within the past century (Elias 1978). The Endangered 
Species Act (ESA) o f  1973 has led to increased attention to these species, and the 
scientific literature is beginning to address this by population-level studies o f rare 
species, including rare plants (Menges and Gawler 1986; Fiedler 1987; Freas and
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Murphy 1988; M ehrhoff 1989; Buchele et al. 1992). Data collection on life 
history parameters is necessary in order to manage species efficiently (Harper 
1979; Lesica 1987; Owen and Rosentreter 1992), and can also answer ecological 
and evolutionary questions (Meagher et al. 1978). Important theoretical 
considerations for management are beginning to be implemented for plant species 
(Menges 1990), although this is in its infancy (Menges 1991,1993). Although the 
demographics o f  some species have been investigated, there are still many rare 
plants with no available demographic data.
One such group o f  plants is the genus Arctomecon (Papaveraceae), 
consisting o f three rare species endemic to the Mojave Desert. One o f these 
endemic species is Arctomecon californica Torr. and Frem., the golden bear-claw 
poppy, which is found in northern Arizona and in southern Nevada. It is currently- 
listed by the state o f  Nevada as Critically Endangered, and by the Federal 
government as a Category 2 species (Morefield and Knight 1992). A second 
species, A. merriamii Cov., the great poppy or white bear-claw poppy, occurs both 
in Nevada and California (Janish 1977). This poppy is also listed by the Federal 
government as a Category 2 species (Morefield and Knight 1992). A third species 
o f Arctomecon, A. humilis, the dwarf bear-claw poppy, is located only in 
Washington County, Utah, and is listed federally as an Endangered Species. Its 
habitat is in danger o f  destruction by the growth o f  the town o f  St. George as well 
as off-road vehicle use (Nelson and Harper 1991).
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A. californica  and A. merriamii are perennial herbs which are very similar 
in growth habit. Their long, hirsute leaves are toothed at the apex and form basal 
rosettes from which the flowering stems arise. As the plant grows older, the 
number o f rosettes increases and often the center rosettes begin to die, creating a 
mosaic o f live and dead rosettes. Arctomecon californica produces a single 
flowering stem per rosette, with multiple yellow flowers borne by the stem, 
whereas A. merriamii has multiple flowering stems arising from a single rosette, 
but with one white flower per stem. Plants o f  both species flower from March to 
June, with seed dispersed from mid-May to late June. Seedlings are mostly found 
in the spring, and do not flower in the first year. When seen without flower 
stems, the two species appear identical. Their mostly non-overlapping 
distribution makes their identification easier, although there may be some overlap 
in the Las Vegas Valley.
Research on the population biology o f  A. humilis has been conducted 
(Nelson and Harper 1991), but a conclusive study has not been accomplished on 
the other two species in the genus. The goals o f  this research were to obtain an 
understanding o f  the life history and reproductive biology o f  both A. californica 
and A. merriamii in their native habitats and to identify possible pollinators. This 
information is critically needed to successfully manage for the survival o f these 
species. Additional information on the associated vegetation and soil 
composition is being reported separately. The interaction o f  these components
with the success o f Arctomecon species in their habitat should be considered in 
management plans.
Study Sites
Studies o f  Arctomecon  species were conducted at several locations in the 
Mojave Desert, an area that receives only 10-20 cm o f  rain per year, most o f 
which falls in the winter months (Barbour et al. 1987). Temperature extremes 
range from -1° C to 49° C.
Three study sites for Arctomecon californica were selected near Lake 
Mead. The first site was near Overton Beach, Nevada (36° 2574, 114° 25'W, 
elevation 433m), 97 km northeast o f Las Vegas; the second site was near Stewart 
Point, Nevada (36° 2274,114° 24'W, elevation 396m), 90 km northeast o f Las 
Vegas; and the third site was near Temple Bar, Arizona (36° 0574, 114° 25'W, 
elevation 430m), 161 km southeast o f  Las Vegas (Fig. 1). All three sites lie in 
Lake Mead National Recreation Area, administered by the National Park Service.
Arctomecon merriamii was studied at Ash Meadows National Wildlife 
Refuge in Nye County, Nevada (36° 2574, 116° 20'W, elevation 610m) located 
161 km northeast o f  Las Vegas (Fig. 1). This area is under the protection o f the 
United States Fish and W ildlife Service .
Nevada
Oveiton
“Beach
site
N S R
A rizona
Sit1|()
Fig. 1: Study site locations for Arctomecon californica  and 
Arctomecon merriamii, 1992-1993. Abbreviations: 
S R -S tate  Route; I--Interstate; N SR -N orth  Shore Road.
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Material and Methods
Individuals o f  both species were mapped using 3 to 4 10m2 (1 by 10m) 
belt transects, placed randomly in an area with Arctomecon  present. Due to 
possible sensitivity o f the plants to disturbance, plants were not individually 
marked (except for seedlings, which were marked with colored toothpicks). 
Instead, the mapping procedure o f Lesica (1987) was followed, which involves 
mapping each individual using coordinates. Little difficulty was found in 
relocation o f individuals using this method. Data were collected from May 1992 
to September 1993. Data on the diam eter o f  the plants were obtained once every 
three months, with the interval decreasing to once every two weeks during the 
flowering season. During flowering, the number o f buds, flowers, and capsules 
were counted for each marked plant, and a sample o f  capsules was collected to 
determine the number o f  seeds present. These data were compared between sites 
and between size classes in order to determine if  significant differences existed in 
seed production between sites and size classes. Comparisons were made using a 
non-parametric Kruskal-W allis H-test (McClave and Dietrich 1988). All 
statistical comparisons were made using SAS statistical software.
Plants were tested for the ability to self-pollinate by bagging buds with a 
light-weight, draw-string nylon material to prevent insect pollination. Controls, 
buds on the same plant that were not prevented from cross-pollinating, were
25
marked with string and collected when mature. Results were compared using 
t-tests. Results are reported for A. californica from Overton Beach only.
Potential pollinators were collected during the flowering period from all 
sites and identified to order. Herbivory on the leaves, stems and flowering 
structures o f  both species was noted throughout the study, as well as any general 
disturbance o f each individual site.
Seed dispersal from the parent plant was determined by collection o f soil 
and seeds in the field. Soil was collected by gently lifting the soil from the 
ground with a trowel. This was done in concentric circles up to 60 cm from the 
center o f  the plant in order to determine location o f  the largest deposition o f 
seeds, as well as to determine direction o f dispersal. Seeds were separated from 
the soil by sifting. Due to possible damage to the parent plant, and to the rare 
nature o f the species, only one plant o f each species could be sampled for this 
experiment, so a plant that was characteristic of the growth form and habit of the 
species was selected in each case.
Results
Data collected for both A. californica and A. merriamii were divided into 
size classes based on logical divisions o f the plant rosette diameter, probable age, 
and percent flowering per size class (Table 1). For example, plants in size class 1 
(0-0.9 cm rosette diameter) were clearly seedlings. Two o f  the three sites for A.
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californica had a percentage o f  the plants in size class 3 (5-7.4 cm diameter) 
which produced flowers.
Overall survivorship o f  A. californica , including plants present at the 
beginning o f the study as well as seedlings germinated during the study, was very 
low for all three sites, ranging from a low o f  14% at Stewart Point to a high o f 
38% at Temple Bar (Fig. 2). A. merriamii, on the other hand, showed a 300% 
increase in the number o f  plants from September 1992 to September 1993. 
Populations fluctuated widely for both species (Fig. 3), with A. californica sites 
showing the greatest change in population numbers at the Stewart Point location, 
with over 300 recruits in 1993, m ost o f which died during the months o f June 
through August. A. merriamii showed a gradual decline in number after peak 
recruitment in April.
Mortality in each size class shows that the smallest plants have the highest 
mortality (Fig. 4), from 60-87% for A. californica and 39% for A. merriamii, 
while A. merriamii had mortality o f  up to 10% for the larger size classes. A. 
californica mortality at the three sites differed for the greater size classes, 
although A. californica  at Overton Beach and Temple Bar showed some 
similarities. Total mortality for A. californica per site was divided into 
approximately 60% for size class 1 at Temple Bar and Overton Beach, with plants 
at Stewart Point having a higher mortality o f  80%. A. californica at Temple Bar 
and Overton Beach had comparable mortality rates for the other size classes, with
% 
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Fig. 2: Arctom econ californica survivorship from May 1992 to August 
1993, at three sites. Sites: O B -O verton Beach; SP-Stew art Point; 
TB--Temple Bar.
28
40 ■:-----------------------  — --------
Arctomecon californica  A :
30 1 Overton Beach
i - o
j Stewart Point
20 /  . , -A-
□ i Temple Bar
10
I
0 L
( n
I cn. a
a - ~ - - o ----------□ ’
t  *  A  A ± - A - -A ,.
a
□
10 T  -------------------------
f Arctomecon merriamii
9 r
(N j
E 8  ....................................................... ... .......w t
c  7 I   /  «u» I /
 *
1  5 ;
D 4 ; ....................................•
i3
2 I  
1 +
- I  1- - - - - - - ! - - - - - - - - 1- - - - - - - 4 - - - - - - 1- - - - - - - - 1- - - - - - - i- - - - - - - h
5/92 12/92 2/93 3/93 4/93 5/93 6/93 7/93
Date
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no mortality in the largest size classes. Only A. californica at Stewart Point had 
any mortality o f  the largest size classes.
The reproductive potential lost is defined as the number o f  buds, flowers 
and capsules that did not produce seed. Loss by size class shows that A. 
californica lost 50-53% at size class 3 for all sites, and 47% at size class 6 at 
Stewart Point (Fig 5A). Statistical comparison showed no significant difference 
in the reproductive potential lost between size classes (p=0.068). The results for 
A. merriamii were the opposite, with 26% o f the reproductive potential lost by the 
largest plants and 2% lost by the smallest plants (Fig. 5B). A clear statistical 
difference between size classes was not shown ( p=0.234).
The reproductive loss by stage showed a clear difference between the 
percent lost as flowers as opposed to the percent lost as buds and capsules. This 
was true for A. californica at all three sites and for A. merriamii /Fig. 6). The 
percent lost by A. californica  at the flower stage ranged from 0.4 to 3.2%, which 
was statistically significant (p=0.037). The range lost for buds was 15 to 25% (no 
statistical difference at the .05 level) and for the capsules was from 2 to 13% 
(p=0.0001). There was a significant statistical difference in the percentages lost 
at each site in each stage (p=0.001 at Overton Beach and p=0.0001 at Stewart 
Point and Temple Bar). A small proportion o f  the reproductive potential lost for 
A. californica, 0.3% o f  the aborted buds and 5.3% o f  the aborted capsules, was 
due to herbivory by insects.
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Fig. 5 A,B: Reproductive potential lost by size class for Arctomecon californica
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Results from the reproductive loss by stage for A. merriamii showed the
largest loss at the bud (6.9%) and capsule stages (5.6%); flower abortion was
very small (0.25%). The differences, however, were not significant (p=.058).
14.8% o f the aborted capsules o f A. merriamii were due to herbivory by insects,
although none o f the buds were lost to herbivory.
Self-compatibility tests showed that bagged buds produced a lower 
number o f  seeds (3.5±14) than did un-bagged controls (39±34; p=0.0001) in A.
californica. Bagged buds also had a higher number o f aborted seeds (89± 24) 
than did the controls (53±27; p=0.0002) (Fig. 7A). Similar tests for A. merriamii
were less conclusive, as bagged buds had slightly, but not significantly, lower 
seed set than did un-bagged controls (238±60 vs 283± 133; p=0.52). There was
no significant difference (p=0.46) in the number o f aborted seeds between bagged 
buds (35±22) and unbagged controls (67±64) (Fig. 7B).
The majority o f the insects collected on specimens o f  A. californica  were
Hymenoptera (67%). Other insects collected were Coleoptera (25%) and
Lepidoptera (8%). Insects collected from A. merriamii were primarily
Hymenoptera (75%), with the rest being Coleoptera (25%).
Herbivory on the stems and leaves o f  A. californica was observed at both
Overton Beach and Stewart Point, although much greater damage occurred at
Stewart Point. Damage was due to rabbits, as evidenced by the large number o f
fecal pellets found near the damaged plants. Some plant damage that occurred at
the Overton Beach site, although not to any plants in the plot, was attributed to
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digging by feral burros. These animals were also seen near the Stewart Point site, 
and had caused considerable damage nearby.
Seed dispersal results for A. californica showed a larger number o f seeds 
being deposited distant from the parent plant (40-60cm), with a definite tendency 
to the north (242 seeds) and west (439 seeds) o f  the plant (Fig. 8A). A slight 
topographic incline to the northwest around the parent plant may have contributed 
to this, although the deposition o f the seed away from the plant should not have 
been affected. Results for A. merriamii showed similar seed deposition at all 
distances from the plant as well as no definite distributional patterns (Fig. 8B).
Discussion
Mortality o f  both species o f  Arctomecon  follow a  Deevey Type III 
survivorship curve (Barbour et al. 1987), with the majority o f plant mortality 
occurring during the early stages o f the life cycle. The most variation for A. 
californica was observed at the Stewart Point site, where mortality in each size 
class was above 10% and the largest size class exhibited 38% mortality (Fig. 4A). 
The large number o f  adults in this population at the beginning o f  the study could 
have been a factor in the high mortality, as these individuals could also have been 
near the age o f  natural senescence. Mortality o f  the larger size classes o f  A. 
merriamii (Fig. 4B) can also be explained in the same way, as all individuals 
originally mapped were size class 2 or larger, with a few extremely large 
individuals (size class 6). When the amount o f  reproductive potential is
Arctomecon californica
540
236
52
' 0-20 cm /
21-40 cm
41-60 cm
Arctomecom merriamii 
153
88
, 113 \
V 0-20 cm /
21-40 cm 
41-60 cm
Fig. 8 A 3 : Seed dispersal results for Arctomecon californica  (A) and A  merriamii
(B), 1993. Distances are from the center o f  the reproductive plant, 
the top values represent the amount o f  seed found.
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examined from a stage-by-stage standpoint, it is easy to see that the amount o f 
reproductive potential lost at the flower stage was quite small for both species 
(Fig. 6). This may be attributed to the fact that the time spent in the flower stage 
is relatively short compared to that spent in the bud and capsule stages, and a 
greater likelihood o f abortion would occur in those stages which require longer 
development. The reproductive potential lost was greatest at the bud stage for A. 
californica , although there was also a high loss at the capsule stage. A small 
percentage o f  these capsules and buds were eaten by insects, but the vast majority 
was due to abortion o f  the tissues. An explanation for the high percentage o f loss 
in the bud stage can be found by noting that many buds are initiated late in the 
flowering season, when there is little precipitation. Many o f  these buds abort, 
while buds which were initiated earlier are already to the capsule stage and are 
maturing. It is known that flowers which initiate late in the season are more 
likely to abort than ones initiated early in the season (Stephenson 1981).
Although the percentage o f  buds lost was quite comparable across the three sites 
for A. californica, this was not the case for the percentage o f capsules lost. Plants 
at Temple Bar showed a much smaller loss than plants at Overton Beach and 
Stewart Point. This may be due to fewer buds maturing to the capsule stage, and 
thus fewer available to abort. Many of the capsules were well-developed by 
mid-May, before the onset o f  hot, dry conditions. The number o f  capsules lost 
from plants at the Overton Beach and Stewart Point locations were similar. 
Arctomecon merriamii exhibited comparable abortion rates at the bud and
3-9
capsule stages (Fig. 6B), but these rates were much lower than for A. califormca. 
This may be due to the fact that only a single bud occurs per stalk, which may 
lead to higher resource supply and better development per unit capsule.
Compatibility results for A. califormca  showed a clear difference between 
the amount o f seed set by the buds on control plants and seed set by the buds 
unable to cross-pollinate by insects (Fig. 7A), as well as the amount o f  seed 
aborted in the control versus the bagged buds. The family Papaveraceae is 
thought to be largely self-incompatible (Faegri and van der Pijl 1979), which is 
supported by results from A. californica. This result also agrees with the 
hypothesis that many fruits derived from self-pollinated flowers are more likely to 
abort than those that are from cross-pollinated flowers (Stephenson 1981).
The results for A. merriamii are not as clear-cut, however, with statistical 
tests showing no significant difference between the control buds and the buds 
prevented from outcrossing (Fig. 7B). From these results it can be tentatively 
concluded that A. merriamii is able to self-pollinate when other individuals o f the 
species are not nearby. This is logical when one considers the isolation o f the 
species. It has the widest range o f  the three species in the genus and is noted for 
occurring in scattered clumps with few individuals within each clump. The 
ability to self-pollinate would be advantageous in this situation. A. californica , on 
the other hand, occurs in scattered populations over a wide area, but those 
populations consist o f  hundreds o f  plants, often in close proximity to each other.
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This would favor outcrossing within each population, although each allopatric 
population may be genetically distinct from other populations.
The majority o f pollinators for each species are Hymenoptera. Recent 
research on A. humihs has shown that it is pollinated by an endemic bee in the 
genus Perdita (Griswold personal communication); however, no sign o f  an 
endemic pollinator was found in this study. The other insects collected were 
Coleoptera, although observation o f  these insects led me to believe they are 
incidental pollinators, since they seemed to primarily browse on the stamens 
rather than actively collect pollen and nectar. No butterflies were collected or 
observed on A. merriamii, which is unusual, as white flowers are normally 
pollinated by Lepidopterans (Faegri and van der Pijl 1979).
Destruction o f A. californica  by rabbit herbivory did not seem to be very 
common, although when it occurred over ha lf o f each individual plant was 
destroyed. The danger o f  destruction by trampling by feral burros is a  major 
concern, as these animals can do a great deal o f damage to the soft ground and to 
the plants themselves. These non-native animals are a highly visible part o f the 
Mojave Desert but management o f their herds should be a high priority, as they 
pose a threat to native species.
The results for the seed dispersal work patterns did not support my 
hypothesis that most o f the seeds would be found underneath the basal leaves o f 
the parent plant. For A. californica, the majority o f the seeds were found in a 
40-60 cm  radius away from the plant. This could be due to the natural movement
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o f  the stalks away from the plant, often bent almost to the ground with the weight 
o f the capsules. The seed was not distributed randomly around the plant, but in a 
definite northwestern direction. This leads me to conclude that the wind also 
plays an important role, although the plant sampled was on a slight incline, and 
this could have slightly affected the results.
A. merriamii did not show such a pronounced gradient o f seeds either 
away from the parent plant or in a specific direction. This species did not have 
the pronounced bending observed in A. californica stalks, probably due to the fact 
that there is only one capsule per stalk, decreasing the weight upon the stalk itself. 
The lack o f dispersal directionality o f the seed leads to the conclusion that the 
wind does not blow in one direction continually at the Ash Meadows location.
Important m anagement conclusions that could be drawn from this study 
include the observation that most o f  the mortality occurs in the seedling stage, 
which is important, as the seedling stage is the precursor for future adult 
populations (Palmer 1987). This is important in land management, since areas 
with many seedlings, for both species, will probably experience a large degree of 
mortality. The few adults that survive are crucial for replacement o f  the seed 
bank and therefore must be managed with care. Not all habitat that is available is 
being utilized, which makes the conservation o f unoccupied, but similar, habitat 
is important for long-term conservation o f the species, especially A. californica, 
whose habitat is continually encroached upon by development and ORV use. 
Dispersal results for A. californica lead to the conclusion that movement o f the
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seed bank away from current occupied sites is possible, and thus is another reason 
to preserve the unoccupied habitat. The relatively large distribution o f  A. 
merriamii, and its isolation from human settlements, leads to the conclusion that 
this species is not in as great a danger as A. californica.
In conclusion, the high mortality o f  Arctomecon seedlings is considered a 
difficulty in the preservation o f both species, although this factor alone does not 
account for the species' rarity, as many desert perennials experience high seedling 
mortality rates. The amount o f reproductive potential lost does not seem to be the 
critical factor in the survivorship o f  either species. Isolation o f A. californica 
plants could be highly detrimental to seed set, while such a situation would not 
appear to be detrimental to A. merriamii. Preservation o f unoccupied, but similar, 
habitat is the best method o f species preservation at this time.
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Chapter 3: Ecology of Arctomecon spp. II: Vegetative Associates and Soil 
Characteristics of A. californica and A. merriamii.
Abstract
Rare plants are often endemics, restricted to certain habitats or specific 
soil types. The genus Arctomecon , composed o f  three species, is one such plant 
group. Studies on the associated vegetation and soil characteristics for two o f the 
species, A. califormca  and A. merriamii, were conducted in order to better 
understand and preserve the species. Vegetation where the species were present 
was very different from adjacent off-site locations. Soils were analyzed on and 
off-site. Soil chemistry showed on and off-site differences in many components, 
most notably sulfur and calcium contents. Hypotheses as to why certain plants 
can establish on gypsum soil are considered in light o f  the results. Habitat 
specificity for gypsum soils, especially o f A. californica, leads to the conclusion 
that gypsum outcrops must be preserved in order to have successful preservation 
o f  the species.
Introduction
There has been an increase o f interest in rare plant species after the
passage o f  the Endangered Species Act o f  1973, as illustrated by the example o f
the number o f  monitoring studies on plants in 1984 more than doubling those
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present in 1981 (Palm er 1987). It has been shown that rare plants are often 
restricted to certain habitats (Menges 1990; Aspinwall and Christian 1992) or 
specific soil types (Nelson and Harper 1991). This endemism can contribute to 
extreme population fluctuations, which can lead to extinction (Kruckeberg and 
Rabinowitz 1985).
One such plant group is the genus Arctomecon  (Papaveraceae), consisting 
o f three species endemic to the Mojave Desert. Two o f the species, A. humihs 
(the dw arf bear-claw poppy) and A. californica  (the golden bear-claw poppy), are 
noted as occurring only on gypsum soil, while the third species, A. merriamii (the 
white bear-claw poppy), occurs both on gypsum and on limestone outcrops. A. 
humilis, which has the most restricted distribution o f  the three, occurs only in 
W ashington County, Utah, and is Federally listed as Endangered. A. californica 
occurs around Lake Mead in both Nevada and Arizona and is listed by the state o f 
Nevada as Threatened, while A. merriamii has the widest distribution, occurring 
in three counties o f Nevada as well as in a lim ited area o f California. Both A. 
californica  and A. merriamii are Federally listed as Category 2 species (Morefield 
and Knight 1992).
Both A. californica and A. merriamii are perennial herbs that are very 
sim ilar in growth habit. Their long, hirsute leaves are toothed at the apex and 
form basal rosettes from which the flowering stems arise. As the plant grows 
older, the number o f  rosettes increase and often the center rosettes begin to die, 
creating a mosaic o f  live and dead rosettes. Arctomecon californica produces a
45
single flowering stem per rosette, with multiple yellow flowers bome by the stem, 
whereas A. merriamii has multiple flowering stems arising from a single rosette, 
but with one white flower per stem. Plants o f both species flower from March to 
June, with seed dispersal occurring from mid-May to late June. Seedlings are 
mostly found in the spring, and do not flower in the first year. When seen without 
flower stems, the two species appear identical. Their mostly non-overlapping 
distribution makes their identification easier, although there may be some overlap 
in the Las Vegas Valley.
Although A. humilis has had research done which focused on soil 
requirements and associated species (Nelson and Harper 1991), and preliminary 
data for A. californica  has been collected as a consequence o f another study 
(Meyer 1986), a complete picture for the three species is not currently available. 
The goals o f  this research were to describe the vegetation and soils for sites that 
contain populations o f  A. californica and A. merriamii in order to provide a more 
thorough ecological description o f these rare plants. Research on the life history 
and reproductive biology o f  the two species was also conducted and is being 
reported separately. These two studies should provide valuable knowledge for 
management and preservation o f the two species.
Study Sites
Studies o f the two Arctomecon  species were accomplished at locations in 
the Mojave Desert, an area that receives only 10-20 cm precipitation per year,
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most o f  which falls in the winter months (Barbour et al. 1987). Temperatures 
range from -1° C to 49° C.
The three study sites for Arctomecon californica  were near Lake Mead, 
within the boundaries o f  Lake Mead National Recreation Area. The first site was 
near Overton Beach (36° 25' N, 114° 25' W, elevation 433m), approximately 97 
km northeast o f  Las Vegas, Nevada; the second site was near Stewart Point (36°
22’ N, 114° 24' W, elevation 396m), almost 90 km northeast o f Las Vegas: and the 
third site was near Tem ple Bar, Arizona (36° 05' N, 114° 25' W, elevation 430m), 
approximately 161 km southeast o f Las Vegas. The Overton Beach and Temple 
Bar sites had well-developed cryptogamic crusts, while the Stewart Point site did 
not, being much rockier.
A. merriamii was studied at Ash Meadows National Wildlife Refuge in 
Nye County, Nevada (36° 25' N, 116° 20’ W, elevation 610m) located 
approximately 161 km northeast o f Las Vegas. No cryptogamic crust was found 
at the Ash M eadows study site.
M aterial and Methods
Data for vegetation analysis was collected from on-site areas where 
Arctomecon was present, and at adjacent off-site areas where no Arctomecon 
were found. Density, frequency and cover data for A. californica were collected 
using a m inimum  o f  30 random lm 2 quadrats. Due to the extremely limited
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distribution o f A. merriamii, circular plots ranging in size from 1 to 4 meters in 
radius (3-50m2) were used.
Using species composition data, Percent Similarity indices were
calculated for on- and off-site locations at each m ajor site. Percent Similarity
between two sites is calculated as:
1-0.5 I  \pa + pb | = I  min (pa o rp h) 
where is a decimal importance value for a given species in sample A and is the
decimal value for the same species in sample B (W hittaker 1975). Coefficient o f
Community between sites was also calculated, as determined by 2Sab/ (Sa + Sb),
where Sa is the number o f  species in sample A, Sb is the number o f species in
sample B, and Sab is the number in both samples (W hittaker 1975).
Soil was collected using a soil corer in a random grid pattern (N=7 for A. 
californica, N=5 for A. merriamii) across the site. Soil was collected for A. 
californica from on and o ff sites, as well as sites that appeared similar in texture 
and color to the on-site location but where no Arctomecon  were present. Soil 
cores were collected in two samples: the surface 5 cm increment and the 6-15 cm 
depth increment. The samples were stored separately in a cool, dry container for 
transport back to the laboratory. The same methodology was used for A. 
merriamii, but similar soil (without Arctomecon present) was not sampled. Soil 
was analyzed by A&L W estern Agricultural Laboratories (Modesto, CA) for the 
following: percent organic matter, soluble salts, phosphorus, potassium, 
magnesium, calcium, sodium, sulfur and zinc, pH, cation exchange capacity, and 
the percent base saturation o f  potassium, magnesium, calcium, hydrogen, and
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sodium. M ajor components o f the soil were compared using Pearson 
product-moment correlation coefficient on Mystat statistical software.
Results
Perennial species sampled during the vegetation analysis are shown in 
Tables 1 and 2. Arctomecon californica had the highest importance value on-site, 
except at Temple Bar, where it was second to Eriogonum inflatum  Torr. and 
Frem. (desert trumpet). Species such as Larrea tridentata (DC) Cov. 
(creosotebush), which is a dominant part o f Mojave Desert vegetation, had a 
small importance value. This is also the case for A. merriamii sites, although 
Atriplex confertifolia  (Torr. and Frem.) Wats, was a dominate both on and 
off-site.
Results for the vegetation similarity analyses are shown in Tables 3 and 4. 
Percentage Similarity between on- and off-site locations for A. califormca  varied 
from 20 to 37%, while A. merriamii variation was 52 to 59% (Table 3). At all 
three A. californica  sites there were a greater number o f  species off-site than 
on-site. Sites with A. merriamii present also had lower number o f species than 
nearby off-sites. Coefficients o f Community analyses showed that A. californica 
sites were 32-50% similar (Table 4). When off-sites were compared across sites, 
similarities ranged from 42-57%. On-sites compared across sites showed 
similarities ranging from 29-50%. Arctomecon merriamii on- versus off-site 
comparison values ranged from 36-40%, while on-site / between-site comparisons
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Table 3: Results for Percent Similarity analyses 
o f  vegetation at locations where 
Arctomecon  were present and adjacent 
areas where Arctomecon was absent. 
Both A. californica and A. merriamii 
results are included in the table.
S pecies Site sim ilarity (% )
A. californica
O v erto n  B each 24
S tew art Point 20
T em ple  B ar 37
A. merriamii
A 59
B 52
Table 4: Results for Coefficient o f Community (CC) analyses o f  vegetation at locations 
where Arctomecon  were present (on) and adjacent areas where Arctomecon 
were absent (off). Both A. californica and A. merriamii results are included in 
the table. Three locations are reported for A. californica. Abbreviations 
are: O B -O verton Beach, SP-- Stewart Point, T B -  Temple Bar. Two sites 
are reported for A. merriamii.
Species 
A. califormca
Comparison
on-off site
location CC
on-on site
location CC
off-off-site 
location CC
OB 0.32 
SP 0.42 
TB 05
OB-SP 0.29 
OB-TB 0.43 
SP-TB 0 5
OB-SP 042 
OB-TB 047  
SP-TB 0 5 7
A. merriamii
A 0.36 
B 0.4
A-B 0 8 A-B 0 18
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showed 80% similarity. Off-site / between-site comparisons showed a low 
similarity o f  18%.
Results from soil analyses for A. californica sites are shown in Table 5. 
These sites had much higher levels o f  sulfur, calcium and soluble salts, and much 
lower phosphorus levels, than did typical off-site locations that contained the 
dominant Larrea-Ambrosia vegetation type (Table 5). Sites near A. califormca 
populations that do not support populations o f the plant but have similar surface 
morphology had much greater similarity with on-site soils (r=1.00 at both 0-5 cm 
and 6-15 cm depths) than was the similarity between on-site and off-site soils 
(r=0.989 and 0.984 at the 0-5 cm and 6-15 cm depths). The pH o f the off-site 
locations was consistently more basic than the pH on-site.
Table 6 shows the results from soil analyses for A. merriamii sites. Large 
differences in the surface layer o f soil occurred in several soil components. The 
percent base saturation o f  sodium, as well as the part per million (ppm) o f sulfur, 
were greater on-site than off-site, while potassium, magnesium and calcium were 
greater off-site. Differences in the lower layer o f soil included the ppm of 
calcium and the percent base saturation o f magnesium and calcium being higher 
where Arctomecon was absent, while phosphorus and sulfur were higher where A. 
merriamii was present. Sites where Arctomecon was present were very different 
from sites where Arctomecon was absent (r=0.791 for top layer o f soil, r=0.724 
for lower layer). The pH differences between on and off-sites were not large, 
although the differences between the pH o f  the soil for the different species were
Table 5: Results from soil analysis (N=7) for A rctom econ ca liform ca  at one site
(Overton Beach). Samples were taken at three locations at the site: where 
A. californica  was present (on), adjacent areas where A. caliform ca  was 
absent (off), and where the soil was visually similar to A rctom econ  locations 
but where no A rctom econ  was present (similar). AJ1 values in ppm unless 
otherwise noted.
Component Depth 
0-5 cm
Depth 
6-15 cm
on off similar on off similar
organic matter 0.31 0.37 0.29 0.31 0.38 0.29
(%) (0.1) (0.11) (0.1) ( 1 5 ) ( 1 2 ) (.22)
P 1.1 9.3 2.9 1.43 3.2 1 9
(.35) (1,8) (2.3) (.73) (1.34) (.83)
NaHC03-P 4.9 12 3.7 4.3 6.5 4.7
(3.2) (3.8) (2.1) (2.1) (1.7) (2.8)
K 150.6 115 151.3 161.9 108.3 225.1
(42.9) (10.9) (106.8) (49.3) (13.8) (168.4)
Mg 39.6 68.2 58.1 60 64.2 108
(12.4) (7.7) (54.4) (22.1) (6.9) (87.9)
Ca 5662.9 1660 5207.1 5687.1 1655 5188.6
(68.8) (104.7) (55.2) (136.5) (52.8) (79.9)
Na 13.7 12.3 13 11.9 11.8 17.6
(1.9) (1.6) (3.9) (1.5) ( 1 1 ) (8 1)
S 999 74.7 999 999 16.5 999
(0) (84.1) (0) (0) (4.8) (0)
Zn 0.51 0.6 0.66 0.53 0.53 0.64
(.06) (.6) (.66) (.05) (.05) (.09)
Soluble Salts 2.1 0.53 2.2 2.3 0.48 2.3
(.17) (.14) (.08) (.06) (.1) (.15)
PH 7.8 8.5 8 7.9 8.6 8
(.14) ( 1 ) (0 5 ) (.1) (.08) (.05)
H 0 0 0 0 0 0
(meq/1 OOg) (0) (0) (0) (0) (0) (0)
% B ase  Saturation
K 1.3 3.2 1.4 1.4 3 2
(.38) 0.35 (.94) (.43) (.33) (1.43)
Mg 1.1 6.1 1.7 1.7 5.8 3.1
(.34) (.47) (1.6) (.59) (.49) (2.45)
Ca 97.3 90.1 96.6 96.7 90 .6 94.6
(7 ) ( 7 ) (2.5) ( 9 8 ) ( 7 6 ) (3.96)
H 0 0 0 0 0 0
(0) (0) (0) (0) (0) (0)
Na 0.21 0.6 0.23 0.17 0 .58 0.27
(.03) (•1) (.07) (.05) m  _ (.1)
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Table 6; Results from soil analysis (N=5) for Arctomecon merriamii. Samples were 
taken at two locations at the site: where A. merriamii was present (on) and 
adjacent areas where A. merriamii was absent (off)- All values in ppm unless 
otherwise noted.
Component Depth 
0-5 cm
Depth 
6-15  cm
on off on off
organic matter 1.16 0.98 1 0.92
(%) (.26) (.19) (.21) (.24)
P 1.6 1.2 18 1
( 8 ) . ( 4 ) ( 9 8 ) (0)
N aHC03-P 8.8 9 9.4 8
(4.5) (2.9) (1.5) (4.6)
K 403.6 387.8 417 .2 467 .4
(86.3) (89.2) (91.9) (161.9)
Mg 87.6 150.2 70.2 146.2
(14.2) (12.3) (10) (6.4)
Ca 1184 1430 1164 1424
(15) (39.5) (34.41) (40.8)
Na 1272 357.2 1554.2 376.8
(708.3) (135.1) (885.8) (258)
S 310 24.6 282 .6 10.2
(233.8) (25.4) (202.6) (4.2)
Zn 0.34 0.44 0.3 0 .44
( 0 5 ) (.19) ( 3 ) (.2)
Soluble Salts 4.3 0.44 4.8 0.48
(1.6) (.14) (2) (.12)
pH 8.8 8.8 9.1 8.8
( 3 ) (.21) (.4) (.3)
H 0 0 0 0
(meq/1 OOg) (0) (0) (0) (0)
% Base Saturation
K 8 9.1 7.8 8.4
(1.9) (2) (1.9) (4.3)
Mg 5.8 11.3 4.5 10.9
(1.7) (1.1) (1.6) (1.3)
Ca 46.7 65.5 44 64.9
(8.4) (4) (11.9) (9.7)
H 0 0 0 0
(0) (0) (0) (0)
Na 39.5 14.1 43.7 13.7
(11) (5.2) (14.3) _ (8,8)
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notable, with A. merriamii having a pH o f 9.1, while the highest pH o f  A. 
californica  soils was 7.86.
Discussion
Vegetation o f sites where A. califormca and A. merriamii are located are 
visually and quantitatively different from adjacent locations where the species are 
not found. Common shrub species o f  the Mojave Desert, such as Larrea 
tridentala , Ambrosia dumosa, and Ephedra nevadensis, are represented by greatly 
diminished numbers on Arctomecon  sites. Lowered species diversity on these 
areas leads to a more open environment. In this study A. merriamii was often 
associated only with Atriplex confer t ifoha, which had higher cover values than A. 
merriamii and often dom inated the sites. Results for A. californica showed that 
off-site locations were more similar vegetatively to distant off-sites than to on-site 
locations nearby. For example, the Overton Beach on/off vegetation showed a 
32% similarity to each other. When Overton Beach off-site vegetation was 
com pared with off-site results at Temple Bar, a 47% similarity was seen, despite 
the sites being approximately 60 km apart. These results show that the vegetation 
differs a  great deal between where Arctomecon  occurs and nearby areas where the 
plant does not occur, whereas off-site vegetation remains quite similar, even over 
great distances.
Arctomecon merriamii sites tended to be highly similar in vegetation 
structure, consisting o f  large numbers o f  Atriplex confertifolia and A. merriamii,
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whereas the off-sites had a more variable plant composition and their similarity to 
each other was quite low, even though A. confertifolia was a dominant at both 
sites.
Soil analyses consistently showed that sites which support A. californica 
had lower phosphorus and magnesium (ppm) levels than nearby sites that did not 
support the species. Calcium levels were very high on site, as were soluble salts. 
Sulfur levels were very high in the top layer o f  soil at both on- and off-site 
locations but diminished greatly in the lower layer o f soil at the off-site locations. 
The high sulfur levels where Arctomecon  was present may have an effect on the 
eventual success o f recently established plants, as the sulfur content has been 
hypothesized to be a factor in the establishment and success o f plants on gypsum 
soils (Parsons 1976). Sites that support populations o f  A. merriamii show much 
higher values o f sodium (percent base saturation) and sulfur (ppm) on-site. The 
calcium levels were lower on-site at the both layers o f the soil. The sulfur content 
in the lower level o f  soil was greater at on-site locations. •
Although these values showed differences between soils, it has been 
proposed by Meyer (1986) that the important factor allowing some species to 
establish on gypsum while others do not is due to surface structure o f the soil, not 
due to chemical factors o f  the bulk soil. Another factor which may be important 
for A. californica  are cryptogamic crusts. Cryptogamic crusts have been shown to 
increase nutrient levels in the top layer o f  the soil (Harper and Pendleton 1993), 
which may be a factor in the success o f  A. californica on gypsum soils.
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Results for A  merriamii may not be universally applicable, however, as 
this species has also been located on limestone outcrops, so its soil requirements 
may be less restrictive across its distribution. Further research needs to be 
conducted on this species, as it is the most widely distributed o f the three species 
o f  Arctomecon, but occurs in groups with low population numbers. Data on 
population differences and similarities could shed more light on distributional 
limits o f  the species
Analysis o f  soils that support A. californica  show that on-site and 
similar-site locations, chosen for the study because o f their similarity in surface 
appearance to sites with Arctomecon  upon them, are often more similar in soil 
composition than either are to off-site locations. These results lead to the 
possibility that the local distribution o f  A. californica may not be based on soil 
requirements alone, as well as to the conclusion that establishment o f  Arctomecon 
on the similar soil has not yet taken place but is a possibility for the future. These 
areas need to  be preserved as possible habitat for the species to utilize in the 
future.
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Chapter 4: Discussion
The two Arctomecon species studied in this project fall into different 
categories when Rabinowitz's (1986) seven forms o f rarity are considered. 
Although both species have a narrow geographic distribution, they differ in the 
other two categories, habitat requirements and local population size. Arctomecon 
californica  is more restricted in its habitat, as it is only found on gypsiferous soils, 
while A. merriamii has slightly broader habitat requirements, occurring both on 
gypsiferous and on limestone-derived soils. The third category, that o f local 
population size, also differs between the two, as A. californica occurs in large 
populations whereas A. merriamii occurs with small populations. A. californica 
fits the classic idea o f  an endemic, with narrow range, restricted habitat, and large 
population numbers, while A. merriamii does not, having a broader habitat range 
and smaller population sizes.
The historical context o f this genus has not been studied, and could be 
quite revealing. Several hypotheses could be constructed. If  based on flower 
color, Arctomecon californica (yellow flowers) could be considered ancestral to 
both A. merriamii and A. humilis (white flowers). Based on alkaloid relationships 
(Raynie et al. 1990), this relationship is supported. However, looking at 
distributional patterns, it follows that A. merriamii, with the widest distribution in 
the genus, gave rise to A. humilis and A. californica , both o f which have limited 
distributions and narrow habitat requirements. Another line o f  evidence which
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supports this is reproductive effort. A. merriamii stalks support one flower, while 
A. humilis and A. californica have multiple flowers per stalk (assumed to be a 
derived condition). Further research could examine the age o f the genus and the 
relationships o f  the species within it.
Results from life history research showed that for both species studied 
mortality rates are highest for seedlings. This large mortality o f seedlings 
contributes to the low overall survival rate for Arctomecon californica. Despite a 
high seedling mortality rate for A. merriamii, overall population size increased 
300% over the course o f the study, showing the large effect o f recruited 
individuals. This is important for the survival o f  the population, as approximately 
20% o f the reproductive adults died during the study period. Self-compatibility 
results clearly showed that A. californica was an obligate outcrosser, while A. 
merriamii appeared to be self-compatible. A. californica's large population 
numbers would support outcrossing, while A. merriamii's lower population 
numbers would lead to strong selection for self-compatibility. Seed dispersal 
results showed a tendency to deposit seed away from the parent plant. This 
would be important in the slow progression o f seed away from the current 
population to nearby uncolonized areas. A. merriamii showed no directionality or 
tendency to deposit seed away from the parent plant. This may lead to a spatially 
static population, with seed germinating underneath or very close to older plants.
Results from vegetation analyses showed that common plant species o f  the 
Mojave Desert do not occur, or occur in very reduced numbers, on sites where
Arctomecon is present. Sites where Arctomecon  were absent were much more 
similar to other such locations, even if  separated by great distances. Results 
showed that lowered species diversity at areas where Arctomecon is present leads 
to a more open environment. Soil analyses showed that sites with A. californica 
and A. merriamii have much higher levels o f  sulfur than areas with normal 
Mojave Desert vegetation. It has been proposed that the higher sulfur levels in 
gypsiferous soils are what lead to endemism on the outcrops (Parsons 1976). 
Another hypothesis is that o f Meyer (1986), who proposed that it is not the 
chemical factors which limit plant distribution on gypsiferous soils but physical 
factors, such as indurated and cryptogam-covered soil crusts. Arctomecon 
californica results do not disprove this idea, except for A. californica at Stewart 
Point, where plants are established among rocks and hardpan surfaces, with no 
indurated or cryptogam-covered areas present.
It seems clear that soil factors are important in the establishment and 
growth o f  Arctomecon. The high mortality o f  seedlings may be due to chemical 
factors o f  the soil, although the lack o f  substantial vegetative cover for protection 
from the weather conditions may also be a factor. Soils similar in composition to 
Arctomecon californica-covered soils, yet without the plant upon it, in 
combination with the seed dispersal results, lead to the conclusion that these soils 
are important for future growth and maintenance o f  the population. In the future, 
current population sites could be composed o f mostly senescent individuals, with 
younger, reproductively vigorous plants composing new populations on
previously uncolonized soil. If  so, these soils adjacent to /Irc/omecort-inhabited 
soils may also be critical areas to be preserved. This is especially true when 
Diamond's (1984) conclusions on extinction rates in relation to area are 
considered. He has shown that extinction rates are inversely area-dependent—the 
larger the area the species in question has to utilize, the lower its probability of 
extinction. Thus, if  large areas o f  gypsiferous soils are preserved, the probability 
o f  the survival o f  A. californica will increase. Although A. merriamii does not 
show the habitat specificity o f  A. californica  and is also more widely distributed, 
seed dispersal results show very little movement away from the parent plant. This 
makes preservation o f current habitat a priority, as the population may remain on 
the same site for a  long period o f  time. Since seed germination is very difficult 
for these species, preservation o f  habitat is the best management option at this 
time. It would be wise to undertake the collection o f  seed from sites which will 
inevitably be developed in order to preserve the genetic diversity o f the species. 
This is especially the case for A. californica , where large developments destroy 
entire populations.
This study documents a brief time in the two species' history, and any 
management decisions drawn from the research should take into account the 
amount o f  variation which is unavoidably missed in a short-term study.
Long-term studies would cover a greater degree o f the variation that a  species 
may show due to causes such as environmental fluctuation and demographic
variability, and would be invaluable in the understanding and ultimate 
conservation o f  the species.
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